Abstract
The importance of these issues is attested by an increasing number of related review articles, published in top journals, on the effects NTMs on global trade. Few reviews are quantitative (e.g., Li and Beghin, 2012; Santeramo and Lamonaca, 2019) ; the vast majority are qualitative (e.g., Beghin, Maertens, and Swinnen 2015) , focused on specific categories of NTMs (e.g., Cipollina and Salvatici 2008) or on particular geographic areas (e.g., Salvatici, Matthews, and Scoppola 2017) . Differently a review on the influence of NTMs on trade performances of African agri-food sector is currently lacking.
We review, through a meta-analytical approach, a set of empirical studies that quantify the effects of NTMs on African agri-food trade, in order to disentangle the prevailing effect and potential determinants of heterogeneity across studies.
The paper is organised as follows: section 2 provides details on exports and NTMs in the African agri-food sector. Sections 3 and 4 describes theoretical and empirical issues: in particular, the former deepens on the rationale of NTMs as trade barriers or catalysts; the latter provides information on sources of data and econometric procedures. Qualitative and quantitative results are presented and discussed in section 5, whereas the last section concludes providing empirical and policy implications.
Trade and non-tariff measures in African agri-food sector
The agri-food trade from developing countries has progressively expanded since the mid1990s (Martin 2018 Notes: The number of NTMs in force, classified according to countries' income levels, is normalised by the number of countries for each group. The list of African countries analysed and classified by income categories is in Appendix.
The rapid growth of exports may be due to the economic globalisation in commodity chains, and to structural changes in the composition of agri-food trade (Henson, Brouder, and Mitullah 2000; Maertens and Swinnen 2009 ): African countries have became export-oriented economies, and moved the composition of exports from traditional (e.g., coffee, tea, sugar, cocoa) to non-traditional, high value commodities (e.g., fruit and vegetables, poultry, fish) (Okello and Roy 2007; Rios et al. 2009 ). In twenty years exports have doubled for seafood products and vegetables, and decoupled for meat, to the detriment of traditional exports (-43% for coffee and tea, -33% for cocoa) (UN Comtrade 2017). It is worth noting that NTMs are more frequent on non-traditional than on traditional commodities: total NTMs account for 26% for fish, 15% for fruits and vegetables, and 11% for meat, whereas only 3% of total NTMs affect traditional commodities (UNCTAD 2017).
The recent reduction of exports from Africa raises the question of potential marginalisation of African countries in international trade. However, according to Bouet, Mishra, and Roy (2008) , African exports performances depend on income levels: the lower the income, the lower the traded values and the higher the average level of NTMs and SPSs (figure 1). The increased NTMs may be related to a higher demand for safe food from high income countries (Okello and Roy 2007) : measures intended to protect human health (i.e., SPSs) account for 52% of total NTMs. The remaining 48% are export-related measures (17%), price control measures (12%), Technical Barriers to Trade (12%), and pre-shipment inspections (7%) (UNCTAD 2017).
The growing and more stringent NTMs may challenge exports of African countries (Broberg, 2009) . A limited number of developed countries and emerging economies account for 96% of total NTMs set against Africa: the United States (22%), Indonesia (21%), Canada (12%), and Russian Federation (11%) implement more than the half of total NTMs, followed with lower contribution by Japan (8%), New Zealand (6%), Liberia (5%), Guinea (4%), Gambia (4%), and Philippines (2%) (UNCTAD 2017).
The rationale of non-tariff measure
The United Nations Conference on Trade and Development (UNCTAD 2012, 1) defines non- and cannot be directly compared with them (Swinnen 2016 In order to analyse the catalyst and barrier effects of NTMs, we assume that a large open economy (i.e., the importing country) sets a non-discriminatory NTM, equivalent in its effect to the domestic regulation, against exports of a product from a small open economy (i.e., the exporting country) to maximise domestic welfare (consumers' surplus and producers' profits). In domestic market, a non-discriminatory NTM shifts rightward the demand (from D to D') by reducing market failures (asymmetric information and/or externalities), and leftward the supply (from S to S') by increasing the costs of compliance (figure 2). The demand-enhancing effect (due to an increase in consumers' utility) is the consequence of greater consumers' trust in products under regulation (Xiong and Beghin 2014) . The supply-contraction effect (due to a reduction in producers' marginal costs) depends on higher costs faced to implement a more stringent regulation (Crivelli and Gröschl 2016) .
The new equilibrium price is higher than the pre-NTM price (from p to p') (figure 2) and increases consumers' expenditures and producers' revenue. The net effect on domestic welfare depends on the magnitude of gain in utility (for consumers) and revenue (for producers), compared to the size of (negative) effect on consumption expenditures and implementation costs: the higher the consumers' utility, the higher the willingness to pay a higher price; the lower the implementation costs, the higher the gain in revenue (Swinnen 2016 ).
The welfare effects of a non-discriminatory NTM in domestic market are also influenced by trading partners: NTMs may be protectionist or pro-trade (Marette and Beghin 2010; Sheldon 2012) . The domestic market is more competitive (i.e., the supply is more elastic) if the NTM doesn't lock out African exporters, and vice-versa. Given the increased consumers demand for products under regulation in the destination market, changes in the elasticity of supply (from S' to S") moves the equilibrium price (from p' to p"): if the difference between domestic price pre-and post-NTM with foreign competition (p -p") is lower (greater) than the difference between domestic price pre-and post-NTM without competition (p -p'), domestic producers face greater (lower) implementation costs and obtain lower (higher) profits than foreign producers (figure 2).
The NTM has a catalyst (barrier) effect on trade if determines an increase (reduction) in exports (Swinnen 2017) .
The trade effects of NTMs estimated in literature, if different from zero, captures how much a NTM increases producer costs and, as a consequence, if discriminates between domestic and foreign producers. The estimated trade effect of a NTM is positive if the NTM is nondiscriminatory; vice-versa it is negative if the NTM discriminates against imports.
Methodological approach

Specification of the gravity equation
The vast majority of empirical literature on the trade effects of non-tariff measures (NTMs) is based on gravity equations (Li and Beghin 2012) which explain trade flows from origin i to destination j (X ij ) as direct function of economic masses of i and j (i.e., GDP i and GDP j ), mitigated by the economic distance between them (i.e., proxies of transport costs, Z ij k ). A common gravity specification is as follows:
where α is the constant; βi and β j are fixed effects that proxy the multilateral resistance terms for i and j (including countries' GDPs); γ k are k parameters that measure the impact of k bilateral trade costs (e.g. distance, tariffs, NTMs); ε ij is an i.i.d. error term.
In the above specification the parameter δ NTM measures the effect of NTMs on trade: the sign would reveal the trade-enhancing or trade-impeding effects of NTMs (Beghin and Bureau 2001) .
Sources of heterogeneity across studies
Different studies are likely to provide different estimates of the parameter δ NTM , due to methodological and structural heterogeneity across studies (Disdier and Head 2008) .
Methodological heterogeneity relates to differences in statistical and econometric techniques.
Major differences concern the proxy used to measure NTMs: some methodologies include inventory measures (e.g., dummy or count variables, frequency index, coverage ratio, prevalence score), or ad valorem equivalents (AVEs) (Gourdon 2014) . Relevant differences may also be due to the inclusion (or not) of fixed effects and to the treatment (or not) of zero trade flows. Baldwin and Taglioni (2006) From the selected papers we compute dummy variables on methodological and structural characteristics of the studies. In line with Stanley, Doucouliagos, and Jarrell (2008), we classified variables in (a) covariates correlated with the estimates but not with the publication selection and (b) covariates correlated with the publication selection but not with the estimates. The publication selection may bias estimates and undermine the validity of inferences and policy implications (Stanley and Doucouliagos 2012) . Publication bias may occur if a particular direction of results (i.e. negative or positive estimates) (type I bias) or statistically significant results (type II bias) are treated more favourably, thus are more likely to be reported in published studies (Stanley, 2005) . The precision of the estimates (i.e., estimated standard errors) allows to correct for publication selection (Stanley, Doucouliagos, and Jarrell 2008) . Table 1 lists and describes the covariates. We provide a preliminary analysis of collected through descriptive statistics, boxplots and kernel densities.
The Meta Regression Analysis
The meta-analysis (MA) is a suitable approach to explain heterogeneity: it allows us to (i) combine and summarise different but comparable empirical studies, (ii) emphasize the heterogeneity across studies, and (iii) account for potential publication bias (Stanley and Doucouliagos 2012) .
In line with Santeramo and Shabnam (2015) , we regress t-statistics of the estimates (δ NTM ) 4 (i.e., t ) on the precision of δ NTM (i.e., the inverse of the estimated standard error,
We use estimated t-statistics instead of the estimated effects of NTMs to avoid problems of heteroschedasticity (Stanley, 2001 ).
regressors correlated with δ NTM but not with the publication selection (Φ m ), and on N regressors correlated with the publication selection but not with δ NTM (Ω n ):
The constant (λ 0 ) informs on publication bias, λ 1 measures the significance of δ We estimate model in equation (3) through a robust regression technique capable of mitigating potential problems related to outliers and influential data points (Belsley et al., 1980) . Influential data points may be due to multiple (correlated) estimates derived by the same study.
Results and discussion
A qualitative assessment of empirical evidence
An extensive literature has investigated the trade effects of non-tariff measures (NTMs), providing contrasting evidence: few studies support the "standards as catalysts" view (e.g., de Empirical studies are also heterogeneous in their designs and tend to be country-, product-, and NTM-specific (table 2) 6 . As for specific types of NTMs, some studies on Maximum Residue Levels (MRLs) provide mixed evidence: Xiong and Beghin (2011) suggest that the trade potential of African groundnut exporters is more constrained by domestic capacity (e.g., farming and storage practice, other barriers before the border) rather than by limited market access due to NTMs.
More frequently the literature concludes that MRLs are barrier for trade (e.g., Otsuki, J.S. All in all, empirical literature suggests that MRLs and SPSs friction African agri-food trade, but marked differences exist across product categories.
Graphical and statistical analysis
Descriptive statistics (table 3) The mean and median values of (total) δ NTM are, respectively, 0.533 and -0.020, with the confidence interval ranging from -3.622 to 4.687. The total variability of observations (point estimates) is marked, mainly due to higher variability of positive estimates. a Confidence interval (C.I.) ranges between mean minus standard deviation (minimum) and mean plus standard deviation (maximum).
b Percentages computed on the total number of observations (271). Tot. Pos.
(ii) Kernel density estimate 7 Distributions and kernel density estimates in figure 3 refer to a subsample ranging between the 5 th and the 95 th percentiles. Extreme outliers (12%) have been removed to make the distribution less erratic. The mixed evidence found in literature and the high variability of estimates may be partly explained by methodological and structural differences 8 . A systematic assessment of potential sources of heterogeneity is worth.
Meta regression results
The results of the meta regression analysis 9 (table 4) show that negative estimates (δ NTM ) have negative publication bias (λ 0 ). In addition, we find that the coefficient λ 1 is statistically different from zero for negative δ NTM .
Methodological and structural heterogeneity affects positive and negative estimates: negative δ NTM are higher if the empirical model is in log-log form or includes fixed effects, or if a study adopts ad valorem equivalent (AVE) to proxy NTMs. Similarly, Li and Beghin (2012) pointed that the trade effects of NTMs are influenced by the use of multilateral trade resistance terms.
Using exports as dependent variable in gravity equations (Y-exports) or lower aggregation of data (HS-4 digit) is associated with larger estimates. The treatment of zero trade flows tends to distort the estimates: positive δ NTM are higher, whereas negative δ NTM are lower. In line with Li and Beghin (2012, 507) "t-values becomes more negative by retaining zero-trade". 9 Our empirical model involves several dichotomous variables: potential collinearity may arise and confound estimation results. We check the data to control for potential collinearity. We dropped the covariates with the relative higher variance inflation index (VIF): "Inventory", "Log-Level form", "Level-Level form", "Y-imports", "Y-value", "Y-volume", "HS-6 digit" and "Other NTMs". Collinearity diagnostics without the problematic covariates show no additional problems. (Li and Beghin 2012, 508) . 
Concluding remarks
The proliferation of non-tariff measures (NTMs) has stimulated a growing empirical literature on their effects on the agri-food trade, but the global impact of NTMs is not clear cut: the hypotheses of NTMs either as catalysts and barriers coexist.
We reviewed a set of empirical studies on the trade effects of NTMs in the African agri-food sector, through a meta-analytical approach, in order to address two main concerns:
disentangle the prevailing effect in literature and identify factors affecting the heterogeneity in the estimated effects.
We found that, in literature, the trade-impeding effect of NTMs prevails: in our sample, the negative estimates are widespread and less erratic than the positive ones. The NTMs are mostly barriers for trade: the African producers tend face greater costs of compliance with
NTMs and obtain lower profits than producers in the destination markets. An NTM locks out African exporters from the destination market (where the NTM is implemented), that becomes less competitive, favouring domestic producers.
Our findings also suggest that the heterogeneity in the estimated effects is partly explained by methodological and structural differences across empirical studies. In particular, we showed that positive estimates are less affected by heterogeneity, whereas negative estimates tend to be exaggerated by methodological issues and lowered by structural differences. (Disdier et al., 2008, p. 336 ).
In line with previous studies , our analysis highlights that the trade effects tend to be NTM-specific: however, literature generally deepens on measures intended to protect human health (i.e., SPSs, MRLs), but neglects other measures frequently implemented against African agri-food products (i.e., export-related measures, price control measures, Technical Barriers to Trade, pre-shipment inspections). Some research areas are still unexplored: in particular, the impacts of NTMs implemented by major reporters for Africa (i.e., Indonesia, Russian Federation, Liberia, Guinea, Gambia, and Philippines) have not been yet investigated. In addition, developing countries have moved from negative to positive (and steadily growing) protection in the agri-food sector, with implications for trade not completely known (Martin 2018 a Confidence interval (C.I.) ranges between mean minus standard deviation (minimum) and mean plus standard deviation (maximum).
b Percentages computed on the total number of observations (271). 
